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In summing up the merits of the gas engine as a prime mover, 
there is one inherent defect that cannot be overlooked — the 
fact that, on account of the nature of its cycle of operation, it 
is not self-starting. It must be turned by some external force 
until the proper mixture has been drawn into the cylinder; 
compressed and ignited before it will start, unless perchance 
an unignited mixture be left in the cylinder and the piston be 
in the proper position; then by igniting the unbumed charge 
the engine will usually start. 

A difficulty sometimes experienced in cranking an engine by 
hand is to get the proper mixture, especially in the case of a 
large engine having a carburetter with no hand control of the 
primary air supply. 

Because of the power required to turn the engine, it is usu- 
ally turned too slow by hand to obtain enough suction, that is, 
pressure reduction in the mixing chamber, to draw in the 
proper amount of gasoline, and the mixture fails to ignite. This 
is especially the case if the car be standing on a hill so that 
the float level is lowered with respect to the nozzle; for in float 
feed carburetters, the fuel level being lower than the nozzle, an 
initial suction is required to bring the liqtiid to the nozzle and 
an additional pressure reduction, to cause it to discharge. 
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When the primary air supply is not adjustable, the usual 
procedure where trouble is experienced in obtaining the proper 
mixture, is to partially close the primary air passage (while 
cranking) either with the hand or by placing some obstruction 
in the passage. To overcome these difficulties and to relieve 
the operator of the physical effort and inconvenience of cranking, 
starters have been applied to engines and now form part of 
the regular equipment. 




T. The illuamtun 



The chief objection to these devices is the considerable addi- 
tional mechanism to be cared for as well as the extra expense; 
but in the majority of cases these are more than offset by the 
elimination of hand cranking. 

The delay of automobile manufacturers in developing starter systems 
and fitting them to their cars resulted in devices being placed on the 
market by individual des^ers, though crude as they were in the begin- 
ning, catted an immediate d^naud for starters by the pubhc, which 
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was followed by efforts of the makers to supply their cars with starters. 
This naturally resulted in some very unsatisfactory rigs. The evidently 
immature applications of starting devices were noticeable ori all sides. 
Such makeshift rigs naturally were more or less unsatisfactory and 
caused a prejudice which has not entirely disappeared, though there is no 
reason for a continuance of such prejudice, as the subsequent develop- 
ment has resulted in a number of starters that are h^hly satisfactory. 




Classes of Starters.— The engine starting mechaniam requires 
deep thought and engineering skill to properly apply it to an 
automobile, that is, making it an integral part of the car, pref- 
erably a part of the engine mechanism. The trend of design 
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»s to reduce the added complication of the starting mechanism, 
— one of the chief objections against starters. 

The various starting systems may be divided into the follow- 
ing classes: 
1. Mechanical, 



3. Gas, 

4. Electric. 



Mechanical Starters. — What may be termed the purely 
mechanical means for starting is that of utilizing the energy 



Fig. 3. — Enapp mechaokal Btaiter for Pord can. 

of a spring to crank the engine. Starters of this class consist 
of a powerful spring or springs contained in a casing about the 
size of a headlight and in some cases not unlike the latter in 
form. 

The spring unit is so arranged that it is wound up by the 
engine in about twenty or thirty revolutions of the latter; an 
automatic device then releases the winding mechanism and the 
spring held by a brake or equivalent means. The tension of 
the spring is sufficient to overcome the compression of the engine 
and turn it several revolutions at a speed sufficient to insure 
ignition even by the magneto. 
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In case the engine fail to start, the spring may be rewound 
by hand by turning a small detachable hand crank; this acts, 
through a system of reducing gears, so that little effort is neces- 
sary. The engine may be turned by hand without interfering 
with the starter and, in case of back fire, the starter is automati- 
cally thrown out of gear. 




There is another class of spring starter, which does not receive 
its energy by bmng wound up by the engine. The winding is 
done by the operator from the seat by several strokes of a ratchet 
foot lever. When the spring has been wound, it is released by 
pressing a trip lever with the foot. 
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Fig. S.— Aisanblv of Volkman mechanioil starter. 10. post 
Quta) 13. swivel on release lever; 14,rBle«se lever; IS.fla 
c»ble; 17. apr-ng holding dutch; 18. flang~ for brasa sleeve. 



g t»ble; II, 12, lock 



^B^M^^ 




Fl 6< — ^Volkman mechanical starter partially disassembled. 1- univer^ brackets; la, 
clamps; lb, right and left side membera; Ic. right and left center members; 2, crank 
(haft caupline; 3. eitension shaft; 3a and 3b. eitension shaft couplings; 1, apiinE case: 
4a, center shaft coupling; 4b, holding clutch rim; 4c, oil hole; 5, brasscover; 6a, chsnuel 
for brass sleeve and refeasmB cable; 6, trip pedal bracket: 7. brass sleeve for releasing 

relessing' cable; Jl and'l2, loct nuts; 13, swivel on release lever; 14, r^Msa lever; 16, 
Baiise on spring case; IS, leleuing coble; 17, spring halding clutch; IS, hole in Suige 
l» Srm« sleeve. 
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arbor upon which it is wound and the other end hooked into a steel 
case which covers the spring. 

A pedal on the footboard connects with the starter, through the 
medium of a flexible steel cable. 

Pressure on the pedal releases the spring, which turns the engine from 
six to twelve revolutions at high speed. 

Through the center of the arbor and independent thereof, runs a steel 
shaft. This shaft extends beyond the rear of the springs and is fitted 
with a coupling which engages a coupling in the crank shaft of the 
engine, thus making the crank shaft and the starter shaft as one piece. 

Keyed to starter shaft, so that it can move freely along it, is a sliding 
clutch, geared on each end. This clutch performs two functions: 

When the starter is at rest, the springs being wound, the center shaft 
and sliding clutch revolve freely with any movement of the engine. 

As soon, however, as the pedal used for tipping the starter is pressed 
down, the sliding clutch moves back and the gears on its back face en- 
gage corresponding gears on the face of the spring arbor, thus making 
the arbor, shaft and clutch as one piece. 

The same movement releases the clutch which holds the spring power, 
allowing the arbor and shaft to be acted upon by the springs, thus turn- 
ing the engine over. 

In front of the center shaft, and held in position with posts attached 
to the spring case, is an immovable plate and bearing, in the center 
of which revolves the rewinding pimon. 

The inner face of the rewinding pinion being geared to engage the 
gears in the face of the sliding dutdi, and to the outer side of which 
is attached the holding clutch rim. 

After the engine has started and the foot is removed from the trip 
pedal, the sliding clutch is ptdled out of mesh with the spring arbor and 
pushed over, so that the gears on its opposite face engage with the 
rewinding pinion. 

The springs are then rewound through a series of gears from the 
rewinding pinion to the spring arbor, the reduction TCing about one 
to fifteen. 

When the spring arbor has made the required number of revolutions 
to rewind the springs to the same tension they were before being released, 
the sliding clutch is thrown out of mesh with the re-winding pinion and 
into neutral, by means of a Geneva gear, and the engine continues to 
run, without any of the starter being in motion except the center shaft 
and the sliding clutch. 

The spring power is held by a clutch. A detachable crank is provided 
ior band rewinding in case the engine fail to start. 
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Compressed Air Starters. — Since on the modem automo- 
bile there is ample excess of power for running an air pump and 
room for a storage tank, the employment of compressed air as 
a form of energy for starting is a very desirable method, espe- 
cially in view of the simplicity of the apparatus and the fact that 
the supply of air under pressure may be used tor the inflation 
of tires. 

With the large tires and high inflation pressures used, the - 
elimination of hand pumping considerably enhances the value 
of compressed air starters. 




enga^^ the pump and can be oi>erated ftom 
T — j.^_i — .^^ j3 timed at half the engine Epecd. 
bi.upb. II. IS III HUL^uu pu:iiL]uLi LiidL it Will allow theairfrr>m the tank !<> 
ler cylinder and to each cylinder conaecnlively. Admitting Uie atr 
he distributer is accomplished by the simple pressure of a button ori 
jth the foot valve, a hand valve is also provide aa an extra precouljoii 
to be left over night; 160 lbs. of air is carried in the tank. 



The various compressed air starters may be divided into 
two groups, according to whether the system includes, 

1. A distributer, or 

2. An air motor. 

In the first mentioned class the power for starting is applied directly 
to the engine pistons, and in the other class to an air motor, which 
is geared to the engine. 
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There are two elements common to both classes : an air pump 
and tank for storing the compressed air. 
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In starters of 
the first group, 
the compressed 
air passes from 
the tank to a dis- 
tributer, which is 
a kind of rotary 
valve mounted 
on the engine and 
driven at half en- 
gine speed, with 
outlets to each 
cylinder. 

In operation a 
charge of com- 
pressed air is ad- 
mitted to each 
cylinder in thefir- 
ing sequence, that 
is, the distributer 
is timed in syn- 
chronism with 
the ignition. 

In starters of 
the second group, 
the compressed 
air, instead of en- 
tering a distrib- 
uter, passes to 
somef ormof com- 
pressed air motor 
which is used to 
start the engine. 
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The ^stem employed on the 
Winton cars dis^nses with the 
air pumps and is very simple. 
It consists of outlets tapped into 
the third and fourth cylmders of 
the six cylinder engine and con- 
nected by copper tubing to a 
pressure tank of the same ma- 
terial; a distributer mounted on 
the engine itself, and driven at 
half engine speed : a dash gai^e 
registermg to 200 lbs. : a starting 
button and a shut off valve at 
the tank to prevent leak^e when 
the car is flowed to stand idle 
for several days. 

A portion of the energy of each 
firing stroke of the cyhnders in 
question passes into the tank 
and is trapped by means of check 
valves at the cylinder outlets. 



Fics. 10 and II.— Air 
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Hie distributer is timed in accord- 
ance with the firing order of the 
engine, bo that upon releasing pres- 
sure from the tank bj^ depressing the 
starter foot button, it t^rates the 



The ignition current being turned 
on, a few turns usually suffice to 
cause the engine to take up its own 
cycle of operations, as the speed is 
ample to draw a mixture from the 
carburetter quickly. 

The charging system is entirely 
automatic, without the need of any 
contrcJliag devices, as when the 
pressure in the tank reaches 200 lbs. 
to the sq. in., it equalizes that of 
which the cylinders are capable of 
producing and no further charging 
occurs until there is a drop in the 
tank pressure. 

The Thurber rotary starter is 
one of the two cases in which the 
principle of the turbine is employed. 
This system operates by compressed 
air, furnished by the Kello^ four 
cylinder high pressure pump, whidi 
makes it possible to carry at all 
times 200 pounds air pressure. 

The Thurber starter consists of 
a rotary cranking device, an air 
pump, an air tank, two pipes and 
one valve. To start the car 
equipped with the Thurber sys- 
tem, the driver simply presses down 
with his foot on the double acting 
valve; air is delivered by pipe to 
the starter, which spins the engine. 

As soon as the eng;ine starts, an 
automatic clutch disengages the 
startler and it remains idle until 
a^ain used. The average consump- 
tion of air for startiiiR the motor is 
very small, one taukful of air being 
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suflident for a large number of starts. In one recent test a 4( 
horse power engine with the Thurber system gave 150 starts, it it 
claimed. 




Gas Starters. ^ — The action of gas starters is to put a charge 
of gas into each of the cylinders, which, when ignited, gives an 
explosion in each cyUnder. This is sufBcient under normal 
conditions to start the engine. Under extreme conditions, such 
as a very cold day and a stifl carburetter, the operation may be 
repeated, if necessary. 

Most gas starters operate with acetylene, a charge of which 
is carried into the cylinder with each operation of the starter. 
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It is a. harmless gas in itself and will only explode when mixed 
with air in proper proportions. 

The essential conditions for the operation of a gas starter is 
"starting on the spark," that is, the engine must balance ot 
stop in such position that when the current is turned on, a 
spark will occur in one of the cylinders to ignite the previously 
admitted charge. 
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Should the starter fail due to the engine stopping on dead 
center, it is only necessary to make one-quarter turn with the 
crank and then start on the spark. The general use of the 
acetylene tank and the ease and promptness with which it may 
be refilled, makes the use of acetylene desirable for gas starters. 

Electric Starters.— The employment of electricity for start- 
ing has the advantage of also supplying current for lighting 




and ignition as well, and this has led to the development of 
systems involving various combinations. It would seem, there- 
fore, that electricity woidd be universally used for starters, 
save for the fact that there are some objections, such as high 
cost, maintenance, and the considerable mechanism necessary, 
that offset more or less the advantages accruing from its three- 
fold uses. 
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There are numerous electric starting systems, and they may 
be classified according to the methods of obtaining current for 
starting and ignition, and the power element of the starter, as: 

1. One unit systems; 

2. Two unit systems; 

3. Three unit systems. 

These several systems comprise respectively: 

1. A motor-dynamo; 

2. A motor-dynamo and separate magneto;* 

3. A motor, a dynamo, and magneto all separate. 




Electric Starters Require a Storage Battery.— In any 

electric system a storage battery is always necessary; for, in 
order to crank a gasoline engine there must be some source of 
electrical energy from which the cranking motor may draw its 
supply of electricity. Without it there would be no electric 
cranking devices. The first function, therefore, which the storage 
battery serves is to supply electricity for starting purposes. 

* NOTE.— TbeH an two clasaa of two unit lUrter ai ciplauied on pace 31. 
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PLATE— DIAGRAM OF WESTINGHOUSE IGNITION AND LIGHTING SYSTEM. 

Tbe chief features of the Westin^hoose electric ignitioa and lighting system are: GEN- 
ERATOR: Low speed; direct driven; enclosed; self-regulatLig; no permanent magnets. 
IGNITION: Dtial system; no vibrators ormoltiple-unit spark coils; automatic sp^k advance; 
ooatactB in jnterrnpter; safety ^lark gap protects ignitioa coil; ignitioa awiteh 
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Tic. 22. — ^Hydraulic analogy of the Dcico system. Tlie Brrangemcnt and 0| 

D«kD electric Bystcm of starting and liantin^ may b« compaied to a pre^iire system « 
nater supply such as is commonly used in isoUted plants for private reisdencea, etc. 
Such a water syatem usually comprises a power driven pump, comiected by a main lin< 
to the various outlets, and a tank or reservoir placed at a height which Will give the desired 



in the reaerv< 



defjJgTied to automatically 
snut on itie power wnen tne water nas reacnea a certain preaeteimined leveL In tho 
main line, between the pump and the tank, is placed a check valve, the purpose of which 
is to prevent the backward flow of water into the pump in case the pressure of the water 
in the reservoir esceod that of the pump or in case the pump be stopped. The Operation 
of the aystein. Just described Is as follows : The pump, being directly connected to the 
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■esetvoir has filled it ,,.... , ._,. .., 

-■■■'-■ If enough outlets be opened so that the flow of water is equal to 

, ^ at the oulieta be in CMesaof the quantity supplied by the pump, 

the deficiency will be takeo care of by the water in the leMrvoir until il( suppi/ a 
exbaosted. 
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When the car comes from the manufacturer, the storage bat- 
tery will be filled with electricity, and it must be kept charged. 
If a 3ynamo be provided on the car, this may serve to charge 
the battery whenever the car is in use. Unless such a generator 
be supplied, it will be necessary to periodically recharge the 
battery. 

Batteries designed solely for ignition or lighting are not 
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Pig. 23. — ^Leece-Neville system as installed on the Haynes car. It consists of two separate 
but correlated elements, the generator and cut out, and the battery, starting motor, and 
lamp system. The 12 volt generator is situated on the right side of the engine and is driven 
from the right cam shaft. It is wired to a cut out on the dash, which alike automatically pre- 
vents overcharge of the battery and leakage of current from thence to the generator arma- 
ture at slow speeds. The battery is carried on the left running board, and is of 100 aiapere 
hours capsbcity. All five lamps are supplied from this battery, but three wires being Used 
in connecting them. The cranking motor, which also is supplied from the batterv, has, 
like the gen«ator, but two connections. It is geared to the flywheel by means of teeth 
cut in the latter's per^hery, a sliding gear on a short idler shaft, geared direct to the motor 
armature, meshing with these teeth. The starting motor is fastened on the left side of 
the engine, forward of the flywheel and beneath the frame. The control of the sliding 
gear presents perhaps the greatest novelty yet introduced. This control is bv means o! 
the ge^hift lever. A small gate pedal on the quadrant raises a lid over uie starting 
slot, permitting the lever to enter it for the purpose of starting. A quick, vigorous for- 
ward thrust on the lever in this position throws the sliding gear into mesh with the teeth 
on the flywheel, and starts the engine. Upon the response of the engine, the lever, on 
bdng released, is automaticalljr returned to neutral by means of a spring, and the gate 
closed; when the le*/er is used in its normal function of gear shifting. Tne quadrant is 
further notable in that it is completely and legibly calibrated to avoid confusion of its 
many functions. It is provided with a small perforated lug, the hole in which registers 
with a c ot ie sp onding hole in an extending arm of the lever to be locked so by a padlock. 
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a.\si operates the indicatmo; target and shows tba word 
breaker to the operalfjr. When the generator stops nin- 
^iBiBEd and spHoffa 12 puah the annaturs back and open 

""" "nreakinE the electr'- ■' — '--'■ "- - ' 

live Bides. At a 



the charging contacts It 2 and 5, thusbrcaki 
batterer Dix both the positive and negatis 

^t shows the word "o^" in the little winnow oi us case wnen generator is not cnarging, ana 
when the Bcneralor ia "charing", this word is shown instead of "ofE". The wiring diaeram 
ahowa the geneiator connected through the circuit brealter to the Atoragc b&ttcry and the 
battery connected to the motor through the motor switch and the lamps through the light- 
ing switch. Standard 6 volt lamps are used ui connection with the 12 volt batteiy by con- 
necting them thereto by a three wire system. All the lamps are connected on one ude through 
the lighting switch to a central terminal on the battery and on the other side one-half of Ox 
lamps are connected to the poiitive pole of the battery and the other half of the lamps are 
connected to the negative pole. Thus we have divided the 12 volt battery into two fi volt 
batteries for lighting without in any way inteifering with its being charged by the generator 
■C 12 volM or dischaiged through ua motor at 13 volts. 
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capable of taking care of the sudden and large demand for cur- 
rent to operate a starter. 




VsMmwiTk 



STARTERS AND LIGHTING SYSTEMS 



Storage batteries used for lighting, igniting and starting, while they 
resemble one another externally, are quite different in their internal 
construction. This particularly applies to batteries which have to be 
used in conjunction with an electric cranking motor on an aut^anobile. 

The lighting battery which has been extensively used during the 
past two seasons b veiy simitar to the one which is now suppU^l for 
electric starting. It lades capadty more than anything else to make it 
applicable to ttie latter duty. On the other hand, the ignition battery 
is mapplicable to either lighting or starting duty. Just as the lighting 
battery lacks capacity for starting purposes, so does the one u^ for 
ignition purposes, orfy that the latter is lacking in a greater degree 
than the former. Making a comparison with six volt batteries, the 
capacity will depend only on the number o£ amperes d' ' 
tiouoti^y. 




A starting battery is rated at 100 ampere hour capacity when it will 
discharge at the rate of 5 amperes tor 20 hours continuously. A light- 
ing battery with a rating of 80 ampere hours capacity will give five 
amperes for sixteen hours continuously. The ignition battery rated at 
40 ampere hour capacity will give only H ampere, but will deliver this 
for 80 hour3 continuously. For lighting, a batteiy should always be 
able to deliver at least five amperes continuously for ten hours. This 
would easily be accomplished by the lighting and starting battery, 
but would be impossible with the ignition battery. The latter is not 
designed to give such a high rate of discharge. 

There is little difference in the construction of lighting and starting 
batteries. The greatest difference in these is the capacity. Capacity 
in this case only means a greater factor of safety. Therefore, it may be 
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said, that the construction o£ the ignition battery prohibits its use 
for starting purposes, but that a large lighting battery may be used 
for starting, because it is of the same general construction as that gen- 
erally used with electric cranking motors. 

The principal difference between batteries designed to give a slow 
dischat^and a quick discharge is found in the plates — the ignition type 
of battery having a few thidc plates, while the lighting and cranldng 
battery has many thin plates. 




The essential requirement for rapid discharging is lai^e plate area 
per ampere discharged. This is just what is accomplished by the use 
of thin plates; for when two plates replace one, the effective area is 
doubled. 

In practice this doubling of area is accompanied by the reduction 
in thickness of plate, in order to keep the size of the battery about the 
same as before. It also has an important bearing on the discharge rate 
which may be obtained from a battery, and also the capacity or length 
of time that the battery will give this discharge. The gain is due to 
the shortening of the distance which the electrolyte has to travel to 
reach the center of the plate. 
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Choice of Voltage. — In designing starters there are several 
conditions to be considered in determining what voltage shall 
be used, especially as the starter problem is somewhat different 
from the ignition and lighting requirements as to voltage, and 
one battery is generally employed for all. 




Pig. as.— TOring dii 



The pressure used on the different lighting and ignition 
systems is six volts, and were it not for the problem of cranking, 
there probably would not be any reason to change. This low 
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pressure has the advantage that it is easy to protect the circuit 
from electrical leakage, just as the gaskets and stuffing boxes 
of a low presstu-e steam engine are easily kept tight. 

Six volt lamps are manufactured with less difficulty than 
those designed for higher pressure, and they are to be obtained 
anywhere. The weight of six volt batteries is less than that of 
the higher voltage type. Were it not for these considerations, 

^ a 
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Pig. 29. — ^rins diagram of Deaoo two unit starting and lighting system. Heavy lines 
indicate No. stranded flexible cable (259 or No. 24 fi. & S. gauge wires, % rubber walls, 
and ^gle braid cotton. , Medium lines from generator and battery to combination snap 
switch and terminal junction indicate No. 10 B. & S. gauge duplex wire. Fine lines in lamp 
circuit indicate No. 12 B. & S. gauge duplex wire. 

Starting motors wotdd be designed for high pressure, as they are 
smaller and consequently lighter. High voltage for the motor 
does not necessarily mean high voltage for the generator and 
lights. 

There are three general combinations: 

1. All one voltage, either 6, 12, 16, or 18 volts; 



STARTERS AND LIGHTING SYSTEMS 



25 



2. Generating and starting at 12, 16, or 18 volts, and lighting 
at 6, 8, and 16 volts respectively. 

3. Generating and lighting at 6 volts, and starting at 24 or 
30 volts. 



One Unit Systems.— The term "one unit" as applied to an 
fidectric starting system means that there is a motor and dynamo 
combined in one machine, or motor-dynamo, as it is called, 
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the dynamo furnishing current for the starter, and for charg- 
ing the storage battery. 

In classifying a system as having one or more units, it means 
that the apparatus provided for generating the current and the 
motor for starting the engine consists of one or more parts. 
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Thus, as just stated, in the one unit system there is a combi- 
nation dynamo and motor forming one machine, or "one unit." 
An esarople of the one unit arrangement is the Electro system, 
which has a combined motor and dynamo, the latter furnishing current 
for startit^ ignition and lighting. 




Pic. 36.— W«flner dyns 



It is necessary to arrange the motor with a. short driving shaft into- 
p^ with the motor case, driven either through the timing gears or 
silent chain and connecting to the starter with an Oldham coupling. 
The motor dynamo is always in operation. When turning below 380 
revolutions per minute it is a motor, and when turning above that rate, 
a dynamo. 
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The compound differential winding takes care of the output from the 
generator. No discriminating cut out or reverse current circuit breaker 
!S provided to disconnect the battery from the rnotor dynamo entirely 
at very low speeds. Instead of this, the ignition switch breaks the line 
between the battery and generator when the engine is stopped by cutting 
off the ^ition. 

The system operates on 24 volts, but charges the battery at six volts. 
The amperage drawn by the 24-volt motor when tummg over the 
gasohne engine varies with the size of the motor as in ^1 systems. 
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The gear reduction between the motor dynamo and the engine is 
twenty-five to one when starting but changes automatically to a direct 
drive when the engine starts running. 

Two Unit Systems.— There are two classes of two tmit 
systems: one in which the motor and dynamo are combined in 
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PLATE— GRAY AND DAVIS ELECTRIC SELF STARTER AS INSTALLED ON 
THE LOZIER CAR— Tex/ conUnutd, 

The Dynamo Clutch. — ^This clutch will slip more or less according to speed of engine. 
It confflsts of a shell secured to a shaft, positively driven from the engine. Held against the 
inner surface of this shell by two steel spnngs, are two shoes, faced with asbestos fabric. 



The constant pressure is controlled by two weights and the radial pull of these weights is 
exactly equal to the spring pressure, minus the f rictional driving force of the two shoes. 



So long as dynamo is driven at or above rated speed, the equation remains true, and the 
weights set themselves at a ;point where the pressure will be sufficient to drive the armature 
at rated spteA. (1000 revolutions per minute). 



The heat caused by friction of the clutch, is taken care of by the ribbed surface of the driv- 
ing drum, acting as a fan and drawing air through vents in the outer shell of dynamo. 



Geneiator Clutch Adjustment — All dynamos are thoroughly tested and governors 
adjusted to hold the proper speed before they are installed on cars, and unless the machine 
has been tampered with the clutch will require no adjustment. 



To Adjust; 1, Remove cover; 2, revolve governor inside of governor shell until the 
opening in one shoe (marked with a notch) coincides with the drill hole in shell; 3, to increase 
driving force of clutch, that is, increase output of dynamo, tighten up on screw by turning 
screw to right. A screw driver 3-16 of an inch wide is best suited for this puipose. 



Proper Adjustment: When clutch is in proper adjustment, the ammeter should indicate 
as follows: 1, All lights off — car running 12 miles per hour or more — 4 to 6 amperes, chaige; 
2, all lights on— car running 12 miles per hour or more — 1 to 1.5 amperes, charge; 3, all lights 
off — engine stopped — amperes (neutral position) ; 4 all lights on — engme stopped — 6 lights 
burning with 16 C.P. bulbs m headlight — l to 8 amperes, discharge. 



Points to Remember When Adjusting Clutch. — 1, if the system do not act properly, 
the trouble is probably t%ot in the clutch adjustment. 



The dynamo governor should not be touched except after all other tests and remedies have 
been exhausted; 2, should the ammeter show little or no increase of current when the clutch, 
is set up, it is a sign that the engine is not up to sufficient speed for charging. 3, that adjusting 
the clutch does not make ti^e dynamo generate current at lower motor speed; 4, under ordinary 
conditions the clutch does not wear, and therefore retains adjustment; 5, should adjustment 
of clutch fail to bring results referred to above, commtmicate with Gray & Davis Co., giving 
full details: 6, the governor action is very sensitive and full turn of the screw driver in adjusting, 
makes a big difference in the dynamo output. Only slight turns should be made each time, 
continuing until proper adjustment is made. 
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Fig. 46. — ^Wiring diagram showing complete Esterline twt> unit lighting and starting system. 



PLATE— WIRING DIAGRAM OP ELECTRIC SYSTEM FOR SELF-STARTER. 
LIGHTS. AND HORN AS INSTALLED ON THE LOZIER CAR— Text continued 

The connections are as follows: Inside the dynamo the two brush leads are connected 
directly to the red and black terminals marked + (positive) and — (negative) on the 
di£^[Tam. Prom the — (negative) terminal a connection is made to the series field wind- 
ing, passing arotmd each pole and out at terminal marked S (yellaiv wire). 

Prom the dynamo runs a triple conductor of colored strands, red, black and yellow: red, 
is -h (positive), black is — (negative) and the yellow series S. 

The red strand. No. 14, is connected to terminal No. 1 of automatic cut out, and the black 
strand. No. 13, to terminal No. 2. The current is thus enabled :o pass through tiie fine wire 
windinjg of the cut out coil and energize the magnet, which attracts the armature, closing t^ 
contact points. 

Terminal No. 3 of the cut out is connected to the left terminal of ammeter. The battery con- 
nections at this point are very simple. ^ A cable is run from the battery to the dash board. 
No. 12. The positive, or red strand, is connected to the right ammeter terminal and the 
black, or (negative) strand. No. 13, to terminal No. 2 of the automatic cut out. This com- 
pletes the circuit between the dynamo and the batteryi &nd thus it is seen that the charg- 
mg circuit is entirely independent of the series field winding. 

The lamps are connected into the system by means of the combination switch and junc- 
tion box, which is connected as follows: Yellow conductor. No. 3, from dynamo lead to cross- 
bar of jtmction box. The wires from the lamps are brought to the junction box as shown 
in the diagram. 

When the lights are turned on, the current passes from the positive brush of the dynamo 
to terminal No. 1 of cut out, through cut out to terminal No. 3, to ammeter, but not througk 
ammeter, then to junction box, where it divides among the lamps, and then back through 
the yellow strand. No. 3, to terminal S of dynamo, through the field series to negative 
(— ) terminal, and finally to the negative bru^ of the dynamo. 

Miscellaneous Sug&estloiis on Electric System — If the lights grow dim when the 
car is speeded up, wires marked S and O in winng diagram are reversed at dynamo. 

If one lamp bum dim, change bulb, if same lamp be still dim, test wire from junction box 
to lamp, look over lamp connector. 

If one lamp flicker, look for poor connection between lamp and junction box. 

If all lamps flicker, look for loose connection in switch or at dynamo. See that all circuita 
between dynamo and battery are intact, and all binding posts and contacts dry. 

Be sure that dynamo is up to speed (1(X)0 R. P. M.). See that contact points of cut out 
actually make contact. 

If contact points of cut out do not come together, and ammeter do not indicate current 
while dynamo is running at speed, push up armature, at bottom of cut out, so that contact 
is made, then if no current be generated, it shows that there is an open circuit between batteay 
and dynamo. 

. If ammeter indicate current in opposite direction, that is, on the discharge side, this 
shows either a loose or broken shunt field wire connection. 

To determine whether the open circuit is in dsmamo, disconnect dynamo from engine, 
close contact points at cut out by pushing up armature. Dynamo will run as a motor, and 
take atxmt 2 or 3 amperes. This will show dynamo connections are all right. 

If the ammeter show a discharge when lights are turned off, disconnect battery and if 
hand go back to zero it shows there is a leak or short circuit, which should be remedied at 
once. If hand do no/ go back to zero when battery wire is disconnected the needle is bent. 

If ammeter indicate a great amount of current and dynamo does not run as a motor, 
look for broken shunt field connections. 

Examine brushes to make sure they are not sticking in the holders. They should work 
freely. Under no circumstances must a carbon brush be used on starting motor and dynamo. 

Special Bronscol brushes must be used; these can be obtained through Gray & Davis Co. 

In case of trouble in the electric starting apparatus, look for mechanical defects rather than 
tbo69 of an electrical nature. 

m 
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PLATE— THE VULCAN ELECTRIC 
GEAR SHIFT; HOW IT WORKS. 
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Assume that the gears are alt hi neutral 
■ud the engine running idle. To move into 
first speed the operator presses the bultfm 
No. 1 in the selector switch group, thus 
connecting up the Une from the battery to 
the magnet No. 1. 
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as it is broken by the master switch, which 
is not closed until the clutch pedal is fully 
depressed. 
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one unit, and one in which the motor and dynamo are separate, 
the latter being arranged to operate the ignition system when 
not running on the battery. 

The "Aplco" is an example of the first mentioned class of two unit 
system. The cranking motor and the dynamo are contained in one 
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Pigs. 48 to 51. — Diagram of electrical and mechanical connections of motor and switch 
for flywheel drive of Westinghouse starter. In the diagrams, the contact making part of 
the switch is shown mounted directly on the gearshift rod, though it can be mounted on 
any rod inter-connected with the gearshift rod. At A is shown the **off." x)Osition of the 
short pinion and switch contactor. Pressure on the starting lever moves the shift rod 
first to the position B, closing the motor circuit at P and P' through the resistance R; this 
starts the motor at a low speed. Further motion of the shift rod to position C opens the 
electric circuit; the motor and pinion continue to turn, owin§ to their momentum. When 
position C is reached, the pinion is still turning slowly so that it cannot fail to mesh wiUi the 

frear, but as power is turned oflE of the motor there is no difficulty in sliding the teeth into 
ull engagement. As soon as the teeth do engage, the pressure on the starting lever shifts 
the rod to position D, closing the electric circmt at Q after the pinion and gear have meshed 
a sufficient distance to present a good bearing length on the teeth: this connects the motor 
directly on the storage battery so that full power is developed, and it turns the. engine over 
tmtil the starting lever is released. When the pressure is removed from the starting lever, 
a spring returns the shifting rod and all parts to position A; this releases tiie gears and opens 
the electric circuit, and the motor comes to rest. 



unit and the magneto forms the second unit. The make of the mag- 
neto is optional and is separate and distinct from the lighting and 
cranking systems. 

A widely different voltage is used in the cranking motor and the 
djmamo. The former operates at 24 volts (except in one instance, 
whe'-e 30 volts are used), while the latter operates at 6^ volts. 



STARTERS AND LIGHTING SYSTEMS 




The dyne 

speed by chain gears or any otHer suitable means. It furnishes current 
for the battery above a car speed of eight miles an huur and charges 
the battery until it becomes fully charged, when it is automatic^y 
switched off, and does not charge the battery again until the latter 
drops below a point which can be fixed to suit the ideas of the manu- 
facturer. 




Fm. S6tOta.-~-Pnt»al WMIInthoiua •tarting motor tor cnulc dwft driven 
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The Westinghouse system is an example of the second class of two 
umt systems in which the cranking motor and dynamo are separate 
machines. The latter not only cluirges the storage battery but also 
furnishes direct a supply of current for ignition. 



:gb. 64 to 76.— Parta of WMtlnahouM ignition and ligliting dynamo. It may be operated by 

tery and the lights. While the engine is not runnini!. or at very low speed. Ihe Ughls sre 
■upplied entirely by the battery. A ma^etic Bwitch in the dynamo antomaticaliy con- 
nects the dynamo to the lighting ^Btem and battery when the engine is running at approK- 

cloKS at a much lower car speed. If no lights be then in use. the battery thcgins to be 

dynamo furnish^ part of the current to ^em; as the speed increases the proportion ^ cur- 
rent supplied hy the dynamo increases, until at the higher speeds the generator supplies 
all of the current to the lights, and in addition charges the battery. The amount of current 
tlu dynamo furnishes to the battery depends upon the number of lamp bummg and the 
ipted of the engine. The ignition outfit consists, in addition to the lighting system and 

the i^ition ciituit at each half revolution of the generator shaft, and the distributer directs 
the high tension current to each of the spark plug? in succession. 



The dynamo is of the slow speed type and turns at crank shaft speed 
oo four cylinder engines and 1)^ crank shaft speed on six cylinder engines. 

The battery circuit is cut in above 10 miles an hour and is cut out 
below 7 miles per hour. This difference prevents the switch cutting in 
and cutting out continuously when the speed of the car is at one par- 
ticular point. 
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A feature of the Westinghouse system is that the output of the 
generator varies with the lo^. When the lamps are switched on, the 
output of the dynamo becomes great enough to take care of the added 
load. This is accomplished by having the battery current go through 
a series field on its way to the lamps, thus assisting instead of bucking 
or neutcalizing the shunt field. 
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small six cylinder motor be 200 on the j'tmip and about 80 tor a. running 
amperage. The motor is series wound and is generally geared to the 
flywheel; it is operated by a switch which throws the gears into engage- 
ment for starting, by first meshing them and then spinning the engine. 
The motor is autom tically thrown out of engagement when the engine 
operates under its own power. 



Three Unit Systems. — This division comprises those sys- 
tems which have a motor, dynamo and magneto each separate. 
Here, each unit has a single function and is only electrically 
associated with the rest of the apparatus in the system. Thus, 
the djoiamo supplies current for chaipng the battery, which in 
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PW. 78.— Grey and Ds 
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turn delivers current to the motor and ignition system at start- 
ing, and also to the lighting system, the magneto furnishing 
current for the ignition system, when the engine is running. 







Pig. 79.— Gray and Da.™ grounded svilera 
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In the manufacture of three unit systems, some make the 
entire outfit, others manufacturing only motor and d-jmamo, 
leaving it optional as to the make of magneto employed. 

The following description of the "Disco" will serve as an 
example of three unit system : 
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The motor and dynamo are both of the same size, each operating 
at 12 volts. The aluminum cases are interchangeable for each unit, the 
entire difference being in the windings, wliidi are simple series on 
the motor and compound on the dynamo. 
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The dynamo does not come into action until the speed of the engine 
bas reached the point at which the car is traveling seven miles per hour. 
Below this point a cut out switch prevents any connection between the 
storage batteiy and the generator, and eliminates any possibility of a 
diEchai;ge to the generator. 
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Below seven miles an hour the lighting current is drawn from tho 
battery, which may be in any size desired over aii 80 ampere hour 
capacity. The upper limit to the charging point is about 25 miles an 
hour. Above this the dynamo is again cut out and has no connectioa 
with the storage battery. 

The motor generaily is mounted so as to drive through teeth cut on 
the periphery on the flywheel, or it may be mounted on the one end of 
the engine or the gearset. A roller clutch is used which cuts out the 
motor as soon as the engine starts. ■ 




wifltemporarily cat that partiCQlar 
iBlalling tfte dash unit which include 



two holes UirouG 



When the driver pushes in his switch, closing the circuit between the 
battery and the motor, the latter will turn the crankshaft until the 
engine picks up its own cycle, allowing the motor to come to rest. 



Methods of Control. — In any electric system where there is 
a dynamo and a storage battery, two control elements are neces- 
sary for the proper working of the system : 



44 



STARTERS AND LIGHTING SYSTEMS 



LAMPS 

-o— 



iTB 



SrORACrBATTERY 



IRON 

BALLAST 

COIL 




LAMPS 

— O— 



O 



STORAGE BATTERY 



IRON 

SALLAST 

COIL 




t 



L.AMPS 



o 



STOMCE BATTERY 



IRON 

BALLAST 

COIL 




Pigs. 86 to 88. — Method of obtaining aelf-regula- 
tioninthe Rushmore lighting system. As a cur- 
rent of constant volume is desined, it follows that 
self-regulation must be produced by change in the 
volume of current rather than in the voltage. 
The first clue to the solution of the pn^lem was 
found in a peculiar property by iron, of increasing 
greatly in electrical resistance at a certain crit- 
ical temperature just below the red heat. Below 
this "critical" point the resistance is practically 
constant. At and beyond the critic^ temper- 
ature, the resistance mcreases enormously with 
eadi decree of temperature increase. Starting 
from this peculiar property of iron, the next 
thing was to employ it correctly. The primitive 
method would have been to insert a thm coil of 
iron wire directly in the circuit and simply waste 
the surplus energy at higher speeds in heat as 
shown in fig. 86. This however, would have |:iven 
very imperfect regulation, besides necessitating a 
heavy and clumsy machine, since the s^unt 
field winding would receive the full voltage nor- 
mal to the speed at any moment. To keep 
down the strength of the current in the shunt field 
coil one terminal of the latter may be connected bevond the iron "ballast" coil instead of 
between that and the armature and the "ballast' coil as in fig. 87. With this arrange- 
ment better results ai« obtained, but, as the field excitation remains constant, an excessive 
voltage will still be generated at high speeds. 
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1. Means for preventing reversal of current when the dynamo 
is charging the battery; 

2. Means for limiting the dynamo voltage. 

When the dyimmo is charging the battery, if its speed be 
reduced beyond a certain point, as by slow running of the car, 
the pressure induced in its armature will become kss than the 
'battery pressure against which it must force the current to 
charge the latter. Unless some automatic device be provided 
to break the circuit when such condition obtains, the current 
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will reverse and flow out of the battery. The mechanism usu- 
ally employed to prevent such action is called a. discriminating 
cut out, or reverse current circuit breaker. 

It consists of an electromagnet connected in the dynamo cir- 
cuit, which, when the dynamo generates sufficient to charge 
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the battery, will attract an armature and close the circuit 
between the dynamo and battery, and which will also open the 
circuit when the battery pressure becomes greater than that 
induced in the dynamo. The construction of such device is 
shown in the accompan3dng cuts. 

In the operation of a dynamo the greater the speed, the greater 
the output, but in charging a battery it is essential that the volt- 
age do not exceed a certain maximum, so that the charging rates 




Fig. 91. — Diagram showing circtiit connection of Rushmore dynamo with automatic 
cut out. The construction of the cut out is shown on fig. 93. TTie shunt field coil 
is connected beyond the ballast coil so that it receives current at all times at 
the constant voltage of the battery, and another winding is added to the field. This 
is what electricians call a "bucking" coil, that is a coil so connected as to oppose the 
main shunt field coil. This bucking coil, the effect of which is to reduce the field excitation, 
is connected as a shunt across the iron balb^t coil. Its resistance is considerably greater 
than that of the ballast coil when the latter is cold or only warm, so that at low engine 
speeds practically all of the current generated passes directly to the battery and lamps and 
the machine acts as a simple unhampered shunt dynamo. However, the iron wire will 
allow only a certain number of amperes to pass, after which it suddenly increases in resist- 
ance, so that any excess current cannot pass, but must go through the field iDucking coil 
which thus, only at high speeds, comes into action and chokes down the dynamo excitation. 
It will thus be seen that tne output of the dynamo may be adjusted to any value desired by 
simply employing an iron wire of suitable diameter in the ballast coil. At car speeds below 
15 miles an hour the dynamo acts as a simple uncontrolled shunt wound machine, while at 
the higher speeds, owin^ to the counter effect of the bucking coil, the resultant excitation 
is less than the excitation due to the main shunt field coil alone. In order to keep the 
current in the main shunt field coil as nearly constant as possible, it is connected at a point 
beyond the ballast coil instead of directly across the brushes; then it does not feel the 
fluctuations of voltage at the brushes.^ The effect of controlling the bucking coil by the 
cunen^t output is to produce an approximately constant current at the higher ^>eeds. The 
voltage is determined by the storage battery, and is simply the voltage required to force 
the specified current against the reverse pressure, plus the small internal resistance of 
the battery. Assuming the battery to be in good condition, the dvnamo voltage will be 
slightly in excess of the open curcuit voltage of the battery, from about 6}^ to 6)^ volts, 
depending upon the state of charge. The battery is necessary to control the voltage 
of any automobile lighting dynamo, and must never be disconnected herefrom whSe 
the dynamo is in use. 
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do not become higher than that proper for the battery. Hence 
automatic control of the voltage is necessary. 




>^iG. 62. — Rueimiont ballast coil with cover removed to show the iron wife illuBtrated fiiH 

There are several ways of effecting this regulation : 

1. Mechanically; 

2. Electrically; 

3. Thermally. 




48 STARTERS AND LIGHTING SYSTEMS 



An example of mechanical control is the Gray & Davis system, 
where a clutch and centrifugal governor are used. 

The Ward-Leonard has electromagnet control, and in the Westing- 
house there are two electrical fields, which oppose one another as the 
speed of the dynamo increases. The Rushmore system furnishes a& 
example of thermal control. 
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The term electricity is derived from the Greek word 
electron — ^amber. It was discovered more than 2,000 years 
ago that amber when rubbed with an ox's tail possessed the 
curious property of attracting light bodies. It was dis- 
covered afterwards that this property could be produced in 
a dry steam jet by friction, and afterwards, that glass, 
sealing wax, etc., were also affected by rubbing, producing 
electricity. 

Answers Relating to Electricity 



Ques. What is electricity? 

Ans. The name given to an invisible agent known only 
by its effects and manifestations, as shown in electrical 
phenomena. 

Ques. Is there more than one kind of electricity? 

Ans. Electricity, no matter how produced, is believed 
to be one and the same thing. The terms f rictional elec- 
tricity, magneto electricity, etc., though convenient for 
distinguishing their origin, have no longer the significance 
formerly attributed to them as representing different kinds 
of electric force. 

Ques. How are the units of electricity expressed? 
Ans. These are stated in terms of length, weight and 
time, which is to say in terms of centimeters, grams, and 
seconds. The units thus established are largely arbitrary, 
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but they have been carefully estimated, so that the pro- 
portions between current strength, circuit resistance and 
voltage may be accurately maintained. 

Ques. What is an ohm? 

Ans. The unit of resistance. It is named for G. S. Ohm, 
the German scientist, and is equal to the resistance offered 
to an unvarying electric current by a column of mercury 
at 32° Fahr., 14.4521 grams in mass, of a constant cross 
sectional area, and of the length of 106.3 centimeters. 




The ohm measures not only the relative resistance of a circuit 
composed of a conducting mire of a given length and diameter, 
as compared with wires of diUerent lengths and diameters com- 
posed of the some material, but also the specific resistance, which 
refers to the variations in resistance found between given wires 
of the same length and cross sectioD, made of diiTerent materials. 
The different resistivity of several different meials, as found in 
drcuils of similar dimensions, is demonstrated by the fact that, 
while a unit wire of silver shows a conductivity of 100, and one of 
copper 99, a wire of iron gives only 16.80, 

Ques. What is an ampere? 

Ans. The unit of current. An ampere is the current 
produced by an electromotive force of one volt in a circuit 
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having a resistance of one ohm, it is that quantity of elec- 
tricity which will deposit .005084 gram of copper per second. 

Ques. What is a volt? 

Ans. The unit of pressure or electromotive force. A 
volt is that electromotive force which can produce a current 
of one ampere on a circuit having a resistance of one ohm. 

There are several specified equivalents for estimating the 
exact value of one volt E. M. F., but these usually refer to the 
determined capacity of some given type of galvanic cell. It^ is 
sufficient to say, however, for ordinary purposes, the majority 
of commercial chemical cells are constructed to yield approxi- 
mately one volt. The ordinary Daniell cell used in telegraphy 
has a capacity of 1.08 volt, and the common type of Ledanche cell 
gives about 1.50. 

Ques. What are the mutual relations between the ampere, the 
volt and the ohm? 

Ans, The current in amperes equals the pressure in 
volts divided by the resistance. 

Expressed as a formula: 

Amperes= — : , or using the usual symbols 

resistance 

^=4 « 

from (i) is obtained 

E=CR v2) 

R=-§- (3) 

If one volt will force one ampere of current through a cir- 
cuit having one ohm resistance, it will take five volts to force 
five amperes through the same circuit. If this resistance be in- 
creased to five ohms, it would take five times five amperes for 
the proper number of volts to force the amperes through, which 
would be twenty-five volts. From this it can be seen that it is 
easy to obtain any one of these quantities when the other two 
are known. 
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QiKS. What is a watt? 

Ans. The unit of power. It is the rate of energy of ont 
ampere of current under a pressure of one volt, and is approxi- 
mately equal to — horse power. 

The watt derives its name from James Watt, the Englisb 




Ques. What is an electrical horse power? 
Ans. The electrical equivalent of 33,000 foot pounds 
per minute or 746 watts. 

To obtam the electrical horse poYrer, as tor instance the power 
developed by a motor, the product of the volts and amperes is 
divided by 746, that is, 

volts X amperes 



E. H. P.=- 



746 
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Ques. What is the general construction of volt meters and amme- 
ters? 

Ans. Electrical gauges for measuring volts and amperes 
are constructed on the principle of the D'Arsonval galvano- 
meter, with either a permanent or a variable field. The 
general features are a small oscillating solenoid whose core 
is mounted on jeweled bearings, arranged like a dynamo 
armature between the poles of a permanent horseshoe 
magnet, with a hand or pointer pivoted at the bearing, so 
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Piff. 97. — ^Index scales of a volt meter and ammeter for measuring the 
pressure and intensity of the current in a direct current electrical circuit. 



as to indicate on a graduated scale the variation in electrical 
conditions. A coiled steel spring attached at the base of 
the needle acts to restrain and control its movements, thus 
ensuring reliable indications of current strength or intensity. 



Ques. How are volt meters and ammeters arranged for auto- 
mobiles? 

Ans. They are usually mounted on one base, with their 
graduated scale cards sufficiently near together to enable 
rapid reading of battery conditions. These instruments 
frequently have the scale traced on glass, so as to be 
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illuminated at night by an incandescent lamp placed behind 
it. The voltmeter indicates the pressure between the bat- 
tery terminals, while the ammeter indicates the amount of 
current flowing. 

In running an electric vehicle, any overload that would likely 
damage the battery is indicated by the ammeter, when attempting 
to start with brakes set, or in beginning the ascent of a heavy grade 
from a standstill. The amount of power being consumed by the 
motor, is, of course, always the product of the volts by the amperes. 
Thus, with readings of 80 volts and 16 amperes, 1,280 watts, or 
about 1.7 horse power, are being constantly used. 

Although the voltmeter should always register between 1.75 
and 2.6 volts per cell, the former figure indicating the point of 
discharge — it may happen that an unusually heavy load will 
bring the needle temporarily below that point. Sucn indication 
does not of necessity mean that the battery is exhausted, as on 
coming upon a better road, it will quickly resume its normal 
reading. 
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A dynamo is a machine for converting mechanical 
energy into electric current; a motor transforms the electric 
current into mechanical energy. The dynamo generator and 
the electric motor are similar so far as the general features 
of their construction are concerned. In operation, however, 
the motor is the reverse of the dynamo. 



Answers Relating to Dynamos and Motors 



Ques. What are the essential parts of a dynamo or motor? 
Ans. The field magnets, pole pieces, armature, com- 
mutator or collector, and brushes. 

Qucs. What is the construction of the field magnets? 

Anc. These are made like ordinary electromagnets-, 
having two or any even number of opposed poles with their 
windings connected ia series. 

Ques. What are the pole pieces? 

Ans. The steel end portions of the field magnets. 

Ques. Describe the armature. 

Ans. This consists of a metal core containing the shaft, 
and around which is a wire winding constructed to rotate 
near the poles of the field magnet. 
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Ques. Describe the commutator and brushes. 
Ans. A commutator consists of copper bars or segments 
arranged side by side, forming a cylinder, and insulated from 
each other by sheets of mica. The commutator is mounted 
upon the shaft at one end of the armature with which it 
rotates. The conductors of the armature are so connected 
with the segments of the commutator that the current taken 
oflF by the brushes which bear upon the surface of the com- 
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mutator is direct, although the armature generates an 
alternating current, 

QuM. What is the office of the brushes? 

Ans. They bear upon the commutator and make sliding 
contact with the commutator bars, thus establishing the 
working circuits. 

Ques. What type of motor la used on electric veliicles? 

Ans. The kind known as series wound; this type pos- 
sesses the valuable characteristic of automatically adjusting 
the consumption of power to the load. 
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Ques. How are shunt motors wound? 

Ans. The field coils are on a shunt between the lead 
terminals. 

Ques. How should the motor be operated on uneven roadway? 

Ans. In hill cUmbing one-third and even more of the 
extra energy consumed can be recovered by coasting down 
the other ride with the controller set a notch or two below 
the coasting speed. 



While it is not necessary to be an electrician to operate 
an electrically driven vehicle, it is of great advantage to 
know what to do when certain troubles occur. 

If an attempt be made to start with a single motor 
equipment, provided with a battery connected in dijBferent 
ways for the various speeds, and the vehicle and ammeter 
do not respond, this indicates an open circuit, which may be 
at one of the following points: 

A. The battery contacts. They may be and often are so 
badly corroded as to prevent the necessary metal to metal contact. 

B. The controller. A connection may be loose or the 
fingers may not make contact. 

C. The running plug may sometimes be out or not making 
proper contact. 

D. The motor brushes. May have dropped out or the 
tension may be so weak that they do not make contact. 

E. The emergency switch may be open. 

F. The controller should be examined last. 

If the motor try to start, but the current is not sufficient, 
as shown by the ammeter, poor contact or weak battery may 
be suspected. Discharged battery will be indicated by a 
low voltmeter indication, but if the voltmeter indicate the 
normal amotmt, poor contact should be sought. Any con- 
tacts which are Dart of the electric circuit, such as binding 
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posts, brushes, switch jaws or controller fingers must be 
bright metal to metal contacts. If they be dirty or cor- 
roded the contact may be so bad that the flow of current is 
seriously reduced or interrupted altogether. 



Answers Relating to Motor Troubles 



Ques. What may be said respecting improper comiections? 

Ans. Sometimes the absence of ampere indication and 
no motion of the vehicle point to improper connection of 
the batteries. This will be shown by heavy sparks at the 
controller. 

When the battery is not properly connected, the motion of the 
controller causes the sections of battery to exchange current 
between themselves at a ruinous rate.- The terminals of the cells 
and those to which they should be connected ought to be plainly 
marked, or, better still, so constructed that it is impossible to go 
wrong. If the trouble just cited be the fact, one or more sets of 
terminals of the cells will be found to be connected to the wrong 
wires. 

Ques. If the vehicle fail to move, and the flow of current, as 
indicated by the ammeter, be considerable, what should be done? 

Ans. The current should be shut off at once, as serious 
damage may result if this be not done. It should then be 
ascertained if the brakes be on, the vehicle stalled or blocked, 
or if there be some obstacle between the gear teeth. 

Ques. What may be said of short circuits? 

Ans, If a large current be indicated, and the motor 
remain inert, the trouble is electrical, and the inference is 
that the current does not go through the motor at all. To 
confirm this, one of the motor brushes should be Uf ted, and 
the vehicle again tried. If the large current be still indicated, 
the inference of a short circuit becomes a certainty. 
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In locating a short circuit: 

I. The controller should be examined for: 

A. Foreign pieces of metal making contact between por- 
tions of the electncal circuit. 

B. Loose fingers which may make contact with wrong 
parts of the controller or with each other. 

C. Dirt between the fingers or contacts. 

D. Breaks in the insulation permitting the wires to make 
contact with adjacent metal or with each other. 





mif 





I^ie* 09. — Diagram illustrating the action of voltaic induction between 
two circuits: the one including a source of electrical energy and a switch; the 
other including a galvanometer, but having no cell or other electrical source. 
The direction of the battery current in circuit 1 is indicated by the arrow: 
the arrow in circuit 2 shows the direction of the induced current. 



2. The motor should be examined for: 

A. Broken insulation, allowing the bare wires to touch the 
frame or each other. 

B. Dirt between contacts or between live metal and the 
motor frame. 

C. Foreign materials bridging contacts. 

In such a case, it is sometimes of assistance to turn on the 
current for an instant. The defective place may be indicated by 
a smoke or spark* 
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Ques. If, when a brush is lifted and the vehicle tried, the excesave 
current indication should disappear, what two electrical troubles are 
possible? 

Ans. The magnet coils of the motor may be short cir- 
cttited, or the ammeter may aot be reading correctly. 

The latter trouble is least likely ; hence the fonner should 
be sougbt first. 
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QuM. What is the effect of a short cjrcuited magnet coil of a 
series motor? 

Ans. The motor will call for a large current but will do 
nothing with it. The magnet coils, therefore, should be 
examined for short circuits. 

Que*. May a short circuit exist without ammeter indication? 

Ans. Yes; a ^ort circuit of this kind is usually found 
in the controller, whidl sparks heavily when operated. 




to adjiut threaded niifli H, against baJl beoziiuis. 

although the vehicle does not move. This combination of 
phenomena also indicates improper connection of the bat- 
teries. 

QuM. How is an excessive call for current indicated, other than 
by the ammeter? 

Ans. A heavy current is accompanied with a drop in 
the voltmeter reading. 

Que*. What may be said of two motor troubles? 

Ans. Most difficulties which arise differ but little from 
those encountered with a single motor. A few which are 
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peculiar to this tjrpe may be mentioned. Such motors are 
sometimes run in two ways. The first notch connects the 
motors in series, while the higher speed notches connect the 
motors in parallel. If one of the motors open circuit on a 
series notch, the vehicle stops, for the entire motive circuit 
is broken. If it open circuit on a parallel notch, that motor 
stops and the other, with its circuit to the batteries intact, 
continues to rtm and may cause the vehicle to make some 
abrupt and unexpected turns. 

If the accident occur in a series notch, the unimpaired motor 
continues to run, and, it may be added, at nearly double its previous 
q)eed. If it occur on a parallel notch, a short circuit on one motor 
constitutes a short circuit on the other also, and if the short circuit 
be sufficiently severe both motors will stop, even though an enor- 
mous current may be drawn from the batteries. 
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STORAGE BATTERIES 



Storage batteries are devices for storing electric energy, 
which may be utilized subsequently for various purposes. 
The term accumulator is sometimes applied from the fact 
that they "accumulate" electric energy when charged from 
an outside source. Storage batteries are also called sec- 
ondary batteries to distinguish them from those of the 
primary type. 

Secondary batteries are in no sense generators of electricity, 
but are employed to accumulate a given quantity of electric 
energy, the quantity of which is estimated by the number of hours 
required to discharge it at a given rate. 



Answers Relating to Storage Batteries 



Ques. Describe the action of a storage cell. 

Ans. Gautherot discovered that if two plates of platinum 
or silver, immersed in a suitable electrolyte, be connected 
to the terminals of an active primary cell and current be 
allowed to flow, a small current could be obtained on an 
outside circuit connecting these two electrodes, as soon as 
the primary battery had been disconnected. 

Ques. Explain the process in detail. 

Ans. An electrolyte, consisting of a weak solution of 
sulphuric add^ permits ready conduction of the current 
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fiom the primary battery; the greater the proportion of 
add within certain limits the smaller the resistance offered. 
The effect of the current passing through the electrolyte 
is to decompose the water; this is indicated by the forma- 
tion of bubbles upon the exposed surfaces of both electrode 
sheets, these bubbles being formed by oxygen gas on the 
plate connected to the positive pole of the primary bat- 
tery and hydrogen on the plate connected to the negative 
pole of the battery. Since, however, the oxygen is unable 
to attack either platinum or silver under such conditions, 
the capacity of such a device to act as an electrical acctunu- 
lator is practically Umited to the point at which both plates 
are covered with bubbles. After this point has been reached 
the gases will begin to escape into the atmosphere. 

Ques, What is the prime condition for operation in the simpler 
apparatus just described? 

Ans. The resistance of the electrolyte should be as low 
as possible in order that the current may pass freely and 
with full effect between the electrodes. If the resistance 
of the electrolyte be too small, the current intensity will 
cause the water to boil rather than to cause the electrolytic 
effects noted above. 

Ques. What happens when the charging current is discontinued, 
and the two electrodes joined by an outside wire? 

Ans. A small current will flow as a result of the recom- 
position of the acid and water solution. The process is in 
a very definite sense a reversal of that by which the current 
is generated in a primary cell. Hydrogen collected upon 
the negative plate, which was the cathode, so long as the 
primary battery was in circuit, is given off to the Kquid 
immediately surroimding it, imiting with its particles of 
oxygen and causing the hydrogen in combination with 
them to unite with the particles of oxygen next adjacent. 
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continuing the process until the opposite positive plate is 
reached when the oxygen collected there is finally combined 
with the surplus hydrogen, going to it from the surrounding 
solution. 

This chemical process causes the current to emerge from the 
positive plate, which was the anode, so long'Us the primary battery 
was in the circuit. The current thus produced will continue until 
the rscompoation of the gases is complete, then ceasing because 
these gases, as before stated, do not combine with the metal of 
the electrodes. 



Pis. 103.— "Unfomwd" plate of one pattern of Gould storase cell. The 
particular plate shown bas total outside dimensions of 6x6 incbc«. The cleat 
outline of the sroovcs indicates absence of oiddes, due to scUon of "fonuinc ' so- 
lutiooa. or charflins current. 

QuM. What material is used for the plates? 
Ans. Batteries are manufactured with plates made of 
iron and nickel, lead and zinc, and lead and lead, the latter 
being extensively used. The choice of material depends 
largely upon the service required of the battecv. 
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In lead batteries, the negative plates are made of sponge lead 
v&kh has a li^t gray color and is very soft. The positive plates 
OK of peroxide of lead, being dull chocolate in color and hard in 

Ques. Name two classes of storage battery, 
Ans. The Plante, and the Faure. 

Que*. What feature dislinguishes the two types? 
Ans. The difference is principally in the method o( 
constructing the plates. 
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vis, 104. — One plate or "srid" (^ B tfpe at ■tontEc cell coDstnicttd by 
IiHrrtinB buttons or ribbons of the proper chemital suhsttuuxs in perforations. 

foraUons. otbeis puie red lead or other suitable material. 

Ques. Describe the Plaute type. 

Ans. In the Plante 13^)6 the lead is chemically attacked 
and finally converted into lead peroxide, probably after 
it has gone through several intermediate changes. The 
plates are all formed as positive plates first and then all that 
are intended for negative plates are reversed, the peroxide 
being changed into sponge lead. 
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Ques. What is done to make the Plante plate more efEcient? 

Ans. The surfaces are finely subdivided, the following 
methods being those most common: scoring, grooving, 
casting, laminating, pressing and by the use of a lead wool. 

Ques. Describe the Faure or pasted tjrpe. 

Ans. This form of plate is constructed by attaching the 
active material by some mechanical means to the grid 
proper. The active material first used for this purpose was 
red lead, which was reduced in a short time to lead peroxide 
when connected as the positive or anode, or to spongy 
metallic lead when connected as the cathode or negative, 
thus forming plates of the same chemical compound as 
in the Plante type. 

The materials used at the present time by the manufacturers 
for making this paste are largely a secret with them, but in general 
they consist of pulverized lead or lead oxide mixed with some 
liquid to make a paste. 

Ques. How do Faure plates compare with those of the Plante type ? 
Ans. They are usually lighter and have a higher capacity, 
but have a tendency to shed the material from the grid, 
thus making the battery useless. 

Many ways have been tried for mechanically holdinythe active 
material on the grid, the general method involving a special design 
in the shape of the grid. Some of these designs are: i, solid per- 
forated sheets of lattice work, 2, corrugated and solid recess plates 
not perforated, 3, ribbed plates with projecting portions, 4, grid 
cast around active material, 5, lead envelopes, and 6, triangular 
troughs as horizontal ribs. 

Answers Relating to the Electrolyte 



Ques. What solution is generally used for the electiolyte of a 
storage battery? 

Ans. It usually consists of one part of chemically pure 
concentrated sulphuric acid mixed with several parts of 
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water. The proportion of water differs with the several 
types of cell from three to eight parts, as specified in the 
directions accompanying the cells. 

Ques. What test is necessary in preparing the electrolyte? 

Ans. In mixing the water and acid, the hydrometei 
should be used to test the specific gravity* of both the acid 
and the solution. The most suitable acid should show a 
specific gravity of about 1.760 or 66° Beaum6. 
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Ques. How should the water and acid be mixed? 

Ans. The mixture should be made by pouring the acid 
slowly into the water, never the reverse. As cannot be too 
strongly stated, it is very dangerous to pour the water into 
the acid; the latter is corrosive and will painfully burn 
the flesh. 

Distilled or rain water should be used in preparing the elec- 
trolyte. When made, the solution should be allowed to cool for 
several hours or until its temperature is approximately that of the 
atmosphere (60° being the average). At this point it ^ould have a 
specific gravity of about 1.200 or 25** Beaume. If the hydrometer 
s£ow a higher reading, water may be added until the correct read- 
ing is obtained ; if a lower reading, dilute acid may be added with 
^milar intent. 

The electrolyte should never be mixed in jars containing the 
battery plates, but preferably in stone crocks, specially prepared 
for the purpose. Furthermore, it should never be placed in the 
cell until perfectly cool. 



Answers Relating to Charging 



Ques. What precautions should be taken in charging? 

Ans. The connections with the generator should be 
properly arranged that is, the positive pole of the generator 
should be invariably connected to the positive pole of the 
secondary battery, which is to say, the pole which is positive 
in action when the current is emerging from the secondary 
battery or the pole that is connected to the positive plates. 
An error in making the connections will result in entire 
derangement of the battery and its ultimate destruction. 

Ques. How should a battery be charged for the first time? 

Ans. It is essential that the ctirrent be allowed to enter 
at the positive pole at about one-half the usual charging 
rate prescribed; but after making stire that all necessary 
conditions have been fulfilled, it is possible to raise the 
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rate to that prescribed by the manufacturers of the partic- 
ular battery. 

Ques, What portable instruments should be provided for testing 
batteries? 

Ans. I, a hydrometer syringe (specific gravity tester) 

2, an acid testing set (can be used instead of the syringe), 

3, a low reading voltmeter, 4, suitable prods, and 5, a 
thermometer. 

Ques. What is the usual period (or charging a new battery? 

Ans. With several of the best known makes of storage 
battery, the prescribed period for the first charge varies 
between twenty and thirty hours. 



^^_ 






* ' 


* 










CD 



Figa. 107 to 109.— Acid hydrometers foi liquida 
buvier than watei. Fia. 107. slandard slotage twt- 
tery hydrometer wiih suidine points desiined tor 
"hydron - "' 









o40Baiim6. 








. dliuble ^ 























































STORAGE BATTERIES 71 

At the first charging of a cell, when the pressure has reached 
the required limit, the cell should be discharged until the voltage 
has fallen to about two-thirds normal pressure, when the cell 
should again be recharged to the normal voltage (2.5 or 2.6 volts). 

The manufacturers of a well known cell of the Plante genus 
prescribe for the first charge, half rate for four hours, after which 
the current may be increased to the normal power and continued 
for twenty hours successively. 

Ques. What strength of current should be used in charging a cell? 
Ans. It should be in proportion to the ampere hour 
capacity of the cell. 

Thus, as given by several manufacturers and other author- 
ities, the normal charging rate for a cell of 40 ampere hours 
should be fifty amperes; or one-eighth of its ampere hour rating 
in amperes of charging current. 

Ques. What should be the voltage of the charging current before 
closing the charging circuit? 

Ans, The voltage should be at least ten per cent, higher 
than the normal voltage of the battery when charged. 

Ques. What indicates the completion of a charge? 

Ans. When a cell is fully charged the electrolyte appar- 
ently boils and gives off gas freely. The completion of a 
charge may also be determined by the voltmeter, which 
will show whether the normal pressure has been attained. 

Ques. How should the voltage be regulated during the first charge ?« 

Ans. It should be allowed to rise somewhat above the 
point of normal pressure. 

Ques. How often should a battery be charged? 

Ans. At least once in two weeks, even if the use be only 
slight in proportion to the output capacity. 

In charging a storage battery, it is essential to remember the 
fact that the normal charging rate is in proportion to the voltage 
of the battery itself. 

Thus, a 100 ampere-hour battery, charged from a no volt 
circuit at the rate of ten amperes per hour, would require ten 
hotu-s to charge, and would consume in that time an amount of 
electrical energy represented by the product of no (voltage) by 
JO (amperes) which would give i^ioo watts. 
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Ques. What precaution should be taken in charging a battery? 

Ans. Care should be taken not to have a naked flame 
anywhere in its vicinity. 

To either charge or discharge a battery at too rapid a rate 
involves the generation of heat. Thus, while this is not liable to 
result in a flame under usual conditions, the battery may take 
fire, if it be improperly connected or improperly used. 

Ques. How is the electrolyte affected by the first charge? 

Ans. A change of specific gravity occurs. The specific 

gravity should be about 1.200 when the solution is first 

poured into the cells. 

At the completion of the first charge, it should, on the same 
scale, be about 1.225. If it be higher than this, water should be 
added to the solution until the proper figure is reached, if it be 
lower, dilute sulphuric acid should be added until the hydrometer 
registers 1.225. 

Ques. What is the effect of var)dng the charging current? 

Ans. In charging a storage cell, particularly for the 
first time, a weaker current than that specified may be used 
with the same result, provided the prescribed duration of 
the charge be proportionally lengthened. The battery may 
also be occasionally charged beyond the prescribed voltage, 
ten or twenty per cent, overcharge eflFecting no injury, al- 
though, if frequently repeated, it shortens the life of the 
battery. 

Ques. What are the charge indications? 

Ans. The state of the charge is not only indicated by 
the density of the electrolyte and the voltage of the cell, but 
also by the color of the plates, which is considered by many 
authorities as one of the best tests for ascertaining the 
condition of a battery. 

Ques. What are the colors of the plates? 

Ans, In the case of formed plates, and before the first 
charging, the positives are of a dark brown color with whitish 
or reddish gray spots and the negatives are of a yellowish 



STORAGE BATTERIES 73 

gray. The whitish or reddish gray spots on the positive 
plates are small particles of lead sulphate which have not 
been reduced to lead peroxide during the process of forming, 
and represent imperfect sulphation. 

As a general rule, the first charging should be carried on until 
these spots completely disappear. After this the positive plates 
should be of a dark red or chocolate color at the end of the dis- 
charge, and of a wet slate or nearly black color when fully diarged. 
A very small discharge is sufficient, however, to change mem from 
black to the dark red or chocolate color. 

If the battery has been discharged to a potential lower than 
1.8 volts, the white sulphate deposits will reappear, turning the 
dark red color to a gra)dsh tint m patches or all over the face of 
the plate, or in the form of scales of a Venetian red color. 

The formation of these scales while charging indicates that 
the maximum charging current is too large and should be reduced 
until the scales or white deposits fall off or disappear, after which 
the current can be increased again. 

During charging, the yellowish gray color of the negatives 
changes to a pale slate color which grows slightly darker at the 
completion of the charge. The color of the negatives always 
remains, however, much lighter than that of the positives. 

Ques. How is the discharge capacity of a storage battery stated? 

Ans. In ampere hours. This, unless otherwise specified, 
refers to its output of current at the eight hour rate. Most 
manufacturers of automobile batteries specify only the 
amperage of the discharge at three and four hours. Thus, 
at the eight hour rate, a cell which will discharge at ten 
amperes for eight hours is said to have a capacity of eighty 
ampere hotu^. It does not follow that eighty amperes 
would be secured if the cell were discharged in one hour. 
It is safe to say that not more than forty amperes would 
be the result with this rapid discharge. 

Ques* How does the capacity decrease? 

Ans. The ampere hour capacity decreases with the 
increase in current output. 

An 80 ampere-hour cell, capable of delivering 10 amperes for 
8 hours, would, when discharged at 14 amperes, have a capacity 
of 70 ampere hours; when discharged at 20, its capacity would be 
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60; and when disc^rged at 40, its capadty ^11 have decreased 

from 80 to 40 ampere hours. 

Ques. What, in ^ncral, is the indication of the quantity of 
electricity remaining nithin a cell? 

Ans. The voltage. 

Ques. What should be noted by the operator in driving a car? 
Ans. He should bear in mind the figures supplied by 
the manufacturers of the type of battery he uses, in order 
to judge: I, how long the charge will last, and 2, whether 




he is exceeding the normal rate of discharge, and thus con- 
tributing to the unnecessary waste of his battery and incur- 
ring other dangers that may involve unnecessary expense. 

As B general rule, the one hour discharge rate is four times 
that of the normal, or eight hour discharge, and considerations 
of economy and prudence suggest that it should never be exceeded, 
if, indeed, it be ever employed. The three hour discharge, which 
is normally twice that of the eight hour, is usually the highest 
that is prudent, while the four hour discharge is the one most 
often employed for the average high speed riding; batteries give 
only the three and four hour disdiarge rates in specifying tbt 
capacity of their products. 
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Ques. What may be Gaid of charging a battery as quickly a 



Ans. As a general rule, such a procedure should not 
be adopted unless the battery be thoroughly discharged. 

Ques. What precaution should be taken? 

Ans. The danger to be avoided in rapidly charging a 
cell is its tendency to heat. 
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Ques. What apparatus is necessary in charging a battery? 

Ans. The battery may be charged from direct current 
mains having the proper voltage. A current as near uniform 
as possible is required, and existing conditions must be met 
in each separate case, it is the rule to use a motor genirator 
set with a regulating switdiboard. Such an apparatus 



76 STORAGE BATTERIES 

consists of a direct current dynamo, driven direct from the 
shaft of a motor, which, in turn, is energized by current 
from the line circuit. 

With a direct current on the line, a direct current generator 
may be used; but with an alternating current an induction motor 
is required. The speed of the motor is governed by a rheostat, 
and uie output of the dynamo is thus regulated as desired. 

Ques. How may a battery be charged through the night without 
an attendant being present? 

Ans. The charging may take place without any atten 
tion, if careful estimate of the amount of current required 
be made, and the rate of charge based on this estimate. 

If, say, 72 ampere hours be required to recharge, and the time 
available is nine hours, the average rate of charge must be 8 
amperes. 

Assuming a no volt circuit, the rate at the start should be 
about 10 amperes; if from a 500 volt circuit, about 9 amperes; 
as, in charging from a source with constant voltage, sudb as a 
lighting or trolley circuit, the rate into the battery will fall as the 
. charge progresses. This also applies if the charging h^ done, 
without attendance, from a mercury arc rectifier. 

Ques. What precautions should be taken in charging a battery 
out of a vehicle? 

Ans. When a battery is being overhauled, or out for 
cleaning, if charged before replacement in the vehicle, the 
cells must be connected together in series and to the charging 
source in relatively the same manner as if they were in the 
vehicle; that is, the positive (+) terminal of one group of 
cells must be connected to the negative (— ) terminal of the 
next group, and the two free terminals, one positive and 
the other negative, must be connected respectively to the 
positive and negative terminals of the charging circuit, but 
not until all of the groups have been connected in series. 
Great care must always be taken to have the polarities correct 
and the wire or cable for the connections of ample size to 
carry, without heating, the heaviest current used in charging. 
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The size used in the vehicle will be proper. The operation 
of charging is then carried on in the same manner as if the 
battery were in the vehicle. 



Answers Relating to Battery Troubles^ Care and 

Maintainance 



Ques. How is short circuiting within a battery caused? 

Ans. It may be caused by some of the active material 
(if the cell be of the pasted variety) scaUng oflF and dropping 
between the plates, or by an over collection of sediment in 
the bottom of the cell. 

Ques. How is short circuiting detected? 

Ans. A short circuited cell is indicated by the marked 
difference in color of the plates or of the specific gravity of the 
electrolyte, as compared with the other cells. 

If a foreign substance has become lodged between the plates, 
it may be removed by a wood or glass instrument. 

If some of the active material has scaled off it may be forced 
down to the bottom of the jar. If excessive sediment be found, 
the jar and plates should be washed carefully, and re-assembled. 

A cell that has been short circuited may be disconnected from 
the battery and charged and discharged several times separately, 
which may remedy the trouble. 

No particular damage will be caused if the trouble be dis- 
covered and removed before these symptoms become too marked. 

Ques. How should batteries be treated, when used but occasion- 
aUy? 

Ans. If a battery is not to be used for several days, it 
should first be fully charged before standing; if it continue 
idle, a freshening charge should be given every two weeks, 
continuing the charge when the cells begin to gas freely. 
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e when a batteiy stands idle for 

Ans. It loses part of its charge, due to local losses in 
the cells. 

Que«. What should be done in case of lack of capadt)'? 

Ans. If the current consumption, as shown by the meter, 
be greater than normal, the vehicle is running "hard," and 
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■C 3 hours dischaige, and of 90 ampere-hours at * hours discharje. Fortr 
nlch cells are leueially used for an avetase Usht vehicle battery. 

it should be overhauled. If, however, the current con- 
sumption be normal, there may be poor connections or 
trouble in the battery; there may be a dry cell, due to a 
leaking jar; some or all of the cells may be in a state of 
incomplete charge, due to the battery having been ran too 
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low and not sufficiently charged, or the plates may be short 
circuited, either by the sediment (deposit in the bottom of 
the jar) getting up to the bottom of the plates or by some- 
thing that has fallen into the cell. 

Ques. How are internal short circuits indicated? 

Ans. Short circuits in a cell are indicated by short 
capacity, low voltage and low specific gravity, excessive 
heating and evaporation of the electrolyte. 

Ques. How are internal short circuits located? 

Ans. If the trouble cannot be located by the eye, the 
battery should be connected in series and discharged at 
the normal rate through suitable resistance. If a suitable 
rheostat be not available, a water resistance may be used. 

This consists of a receptacle (which must not be of metal) 
filled with very weak acid solution, or with salt water in which 
are suspended two metal plates, which are connected by wires 
through an ammeter. The current may be regulated by altering 
the distance between the plates, or by varying the strength of 
the solution. As the discharge progresses, the voltage will grad- 
ually decrease, and it should be frequently read at the battery 
terminals; as soon as it shows a sudden drop, the voltage of each 
cell should be read with a low reading voltmeter. 

While the readings are being taken, the discharge rate should 
be kept constant and the discharge continued until the majoritv 
of the cells read 1.70 volts; those reading less should be noted. 
The discharge should be followed by a charge until the cells which 
read 1.70 volts are up, then the low cells should be cut out, exam- 
ined, and the trouble remedied. 

Ques. What causes low specific gravity when there are no short 
circuits? 

Ans. I, sloppage or a leaky jar (the loss having been 
replaced with water alone), 2, insufficient charge, 3, over 
discharge, or 4, a combination of these abuses. Any of 
these mean that there is add in combination with the plates, 
which should be brought out into the electrolyte by a long 
charge at a quarter of the normal discharge rate. 
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Qttes. How should the low cells be treated? 

Ans. They should be grouped by themselves and charged 
as a separate battery, care being taken that the positive 
strap of one cell, is connected to the negative strap of the 
adjoining cell and that the charging connections are properly 
made. If there be not sufficient resistance in the charging 
rheostat to reduce the current to the proper point, a water 
resistance should be used. 

While a cell is being treated, when possible, the cover should 
be removed (if sealed, the compound can be loosened by using a 
hot putty knife). 

Qttes. How should cells be disconnected? 

Ans. The best method of disconnecting cells assembled 
with pillar straps, for the purpose of replacing broken jars, 
cleaning or taking out of commission, is to use a five-eighth 
inch twist drill, in a carpenter's brace, boring down into the 
top of the pillar about one-quarter inch; the connector 
sleeve is then pulled from the pillar. By following this 
method, all parts may be used again. 

When cells are ecjuipped with top straps, the straps should 
be cut with a sharp knife or chisel midway between the cells. 

Ques. When should a battery be taken out of commission? 

Ans. When it is to be out of service for several months, 
and it is not convenient to give it the freshening charge 
every two weeks. 

Ques. Describe the method of taking a battery out of commission. 

Ans. The battery is charged in the usual manner, until 
the specific gravity of the electrolyte of every cell has 
stopped rising over a period of one hour (if there be any low 
cells, due to short circuits or other cause, they shotdd be 
put in condition before the charge is started, so that they 
will receive the full benefit of it). The cells may now be 
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disconnected and covers and elements removed from the 
jars, (if sealed, the compound is loosened with a hot putty 
knife). The elements are placed on their sides with the plates 
slightly spread apart at the bottom, the separators withdrawn, 
and the positive and negative groups pulled apart. The 




Fig. 115.— PlatM of Edi»n Btorage battery. The poritlre or nlckei plate 
conalsta of one or more perforated steel tubes, hravily olckd placed, filled vrith 
BlCemate layeis o( ni<i)cei hydroxide and pure metallic niclul [n eicestively thin 
fiakea, Tbe tube ia drawn from a. perfoialed ribbon of Bted. nickel plated, and 
has a gplial lapped Beam. This tube after being titled with active maCenal la 
reioforcra with eight steel bands, equidistant apart, which prevent the lube ex- 
pundina away from and breaking contact with ita contents. The tubes are 
flamed at botb ends and held in perfect contact with a steel eupparting fiaaieor 
grid made of cold rolled iteel. nickel plated. The negative or iron plate consists 
of a arid of cold rolled aceel, nickel plated, holding a numbei of lectangilar 
nocketa filled with powdered lion oilde. These pockets are made up of very 
Burly perforated steel, nickel plated. After the pockets are filled they are in- 
serted in the arid and subjected to great pressure between dies whk:h camigate 
the surface pf pockets and force tnem into practically Integral contact with 
the grid. 

electrolyte is washed off with a gentle stream of water and 
the plates allowed to drain and dry. The positive plates are 
leady to be put away. Whendry, tbenegativesarecompletely 
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immened in cJectrc^yte (of about U75 spedSc gra^ty), 

and allowed to soak for tiiree or four homs. Tbe jars may 

be nsed for tina porpoae. After rinang and drying, tb^ 

arc; ready to be pat away; wash also the mbber separatois. 

V/ooA aep ara tora, after haTiag been tn wrrke, will not staod 

nmch bamlHag and had better be thrown awaj. If it be thcwight 

«K>rtb wbile to keep tbem, they must be immetaFd in water <«- 

weak tlecttdyu, aad in TeaaaemUiog, the etectrcdyte mnst: be 




^-^y 



!£!i; tmm iMCh oOwi. The aide „ , 

cdta ol tbe plata. tbenby pHtonning the dual f uncUan .. 
■inStiwiibH'"^ tl" complete elcDwnt from the Meet ointalaei 
-i--.»m that ia between the outside nesatlve plates utd 

onootli Aeeu o< banl rubber. At the bottom, the dem , 

nibbet nek or bridge, iDUlatins the platei from the bottom of < 

put into the cells immediately, a 
■tand exposed to tbe air. 
QuM. What piecautioD should be taken with the jais? 
Ad8. They should be thoroughly cleaned with fresh 
water, no sediment being allowed to remain. 
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Ques. How Aould a. battery be put it 

Ana, It should be treated in the same manner as if it were 
new, and tlie regular instructions for assembling and put- 
ting into commission a new battery followed. 



with "direct" 



1^ 



Fig. 117.— Cell of Ediion storage battery. The iar 






Muffing bcoxi Bbouc t1 
which ■epai&tn spra;- 

(olution of potaeb in uikliiicu »aif> vul^i 
of the dectrolyte does not change on chui 

3. Care should be talcen to charge at the proper rates and to 
give the right amount of charge, the battery should not be under- 
charged or overcharged to an excessive degree. 

3. A naked flame should not be brought near the battery while 



84 STORAGE BATTERIES 



5. Voltage readings should be taken only when the battery is 
charging or discharging; if taken when the battery is standing 
idle they are of little or no value. 

6. The battery temperature should not exceed no® Fahr. 

7. The electrolyte ^ould be kept at the proper height above 
the top of the plates and at the proper specific gravity. Only 
pure water should be used to replace evaporation. In preparing 
the electrolyte, water should never be poured into the acid. 

8. The cells should be kept free from dirt and all foreign 
substances both solid and liquid. 

9. The battery and all connections should be kept clean and 
all bolted connections tight. 

10. If there be lack of capacity in a battery, due to low cells, 
there should be no delay in locating and bringing them back to 
condition. 

11. Sediment should not be allowed to get to the plates. 

Ques. What is a mercury arc rectifier? 

Ans. A device for converting alternating current into 
direct current for use in charging storage batteries. 

Ques. Describe the construction and operation of a mercury arc 
rectifier. 

Ans, Fig. 118 is an elementary diagram of connections. 
The rectifier tube is an exhausted glass vessel in which are 
two graphite anodes A, A', and one mercury cathode B. 
The small starting electrode C is connected to one side of 
the alternating circuit, through resistance; and by rocking 
the tube a slight arc is formed, which starts the operation 
of the rectifier tube. At the instant the terminal H of the 

N0T8. — ^Thc Bdison storase battery is manufactured in five sizes: all are 
identical in electrical characteristics, and differ only in the number and size of 
plates and capacity, as follows: 

Type B-2 B^ A-4 A-6 A-8 

Normal Ampere- Hour Output 40 80 150 225 300 

Average discharge voltage, per ctil 1.2 1.2 1.2 1.2 1.2 

Rate of charge, in amperes, fur 

seven hours 7| IS 30 45 60 

Normal rate of discharge, amperes 7| 15 30 45 60 

Weight, in potuds. of cell com« 

Piete 4i 7 13| 19| 251 

Average weight in lbs., per cell, 

assembled in tray 4| 7J 14J 20 26 

T»ay dimensions — inches, length— 

2 cell. 6|| 7J 10 1211 

Required height of battery com* 

partment 8|* 8J» 15» 15» 15* 

AH trays arc 6^ inches wide 
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supply transformer is positive, the anode A is then positive, 
and the arc is free to flow between A and B. Following the 
direction of the arrow still further, the current passes 
through the battery J, through one-half of the main react- 
ance coil E, and back to the negative terminal G of the 
transformer. When the impressed E. M. F. falls below a 
value sufficient to maintain the arc against the counter 
E. M. F. of the arc and load, the reactance E, which hereto- 



L 



--ywvwwww- 

Tran^rormcr 

i — mtmn^ 



J 



®i 



© 







B_^' Q 




Wf- 






© 



t.<& 



Fig. 118. — Elementary diagram of mercury arc rectifier connections. A, A'. 
graphite anodes; B, mercury cathode; C, small starting electrode; D, battery 
connection; £ and F, reactance coils; G and H, transformer terminals; J, battery. 

fore has been charging, now discharges, the discharge cur- 
rent being in the same direction as formerly. This serves 
to maintain the arc in the rectifier tube until the E. M. F. 
of the supply has passed through zero, reversed, and built 
up such a value as to cause the anode A to have a suf- 
ficiently positive value to start the arc between it and the 
cathode B. The discharge circuit of the reactance coil E is 
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□ow through the arc A'B instead of through its former cir- 
cuit. CoDsequently the arc A'B is now suppUed with cur- 
rent, partly from the transformer, and partly from the 
reactance coil B. The new circuit from the transformer is 
indicated by the arrows enclosed in circles. 

Ques. How ia a meicuiy arc rectifier started? 

Ans, A rectifier outfit with its starting devices, etc., is 
shown in fig, 119. To start the rectifier, close in order 
named line switch and circuit breaker; hold the starting 




recLilier tube nitb Its connectloa 



TKtrfier outfit, or draiKlni set. The ct 

^ificr. Ulmtratlng the ananaKmem ob 
id operatlog devhzs. 



switch in opposite position from normal; rock the tube 
gently by rectifier shaker. When the tube starts, as shown 
by greenish blue light, release starting switch and see that 
it goes back to normal position. Adjust the charging cur- 
rent by means of fine regulation switch on the left; or, if 
not sufficient, by one button of coarse regulation switch on 
the right. The regulating switch may have to be adjusted 
occasionally during charge, if it be desired to maintain 
charging amperes approximately constant 
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m in Adotmctd Practice. Working Drawings 

i^a Globe Valve. Sleam Engine and Electric Gewrator. 
Lttora in Elementary Dengning and ConMtraetion. 

RtvetedJmnls and Structural Work. Cams. Tooth Gearing 
Vahe Motions. 

F^ty Plate, of practical v,ork vHth dimensions for 
Praeltce. making it a complete text book on the subjea 
for School Classes in the various branches of apUied 
mechanics. 
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devflop hu own thinting power, and lom. the bad, 
of the coune covered by the cla««. in Mithanical 
Drawing at Cooper Union Institute. Tiiere are 120 
page., «x .abject divi.Ion,; 50 plate., «ze 619, printed 
on fine piparwitli red doth cover. Price »1 poupaij. 
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